A total of 1110 broiler cockerels were used in three experiments to determine the availability of iron and copper from various sources. A skim milk basal diet was fed in each experiment using chicks maintained in battery brooders beginning at one day of age. Four organic iron compounds (sequestered iron A' and ferric choline chloride 2 in Experiment 1 and sequestered iron B and C in Experiment 2), ferrous sulfate and ferric oxide were the test iron compounds used in Experiments 1 and 2. Added dietary iron levels furnished by the test compounds were 10 and 20 p.p.m. (Experiment 1) and 5 and 10 p.p.m. (Experiment 2). The test copper compounds fed in Experiment 3 were added to furnish 1 and 2 p.p.m. copper using cupric sulfate, cuprous oxide and cuprous iodide.
compare various inorganic forms of iron and copper commonly used in the poultry industry. These workers concluded the sulfate forms of iron and copper were superior to either the oxide or the carbonate form as measured by hemoglobin content and hematocrit (packed cell volume). Also, Fritz et al. (1970) found that the relative biological value of ferric oxide is considerably lower than that of ferrous sulfate for chicks. Nelson and Walker (1964) demonstrated a regression analysis technique used for biological evaluation of phosphate compounds. A similar method was used by Shah and Belonje (1973) for assessing iron availability. Also, Pla and Fritz (1971) proposed a relative biological availability procedure in which a comparison of iron from various supplements is made INTRODUCTION I RON and copper have received moderate attention in the literature in recent years. Fritz (1970) reported the need for attention of dietary iron in feed formulations. He, also, reported that care must be used in selection of supplemental iron sources that are biologically available. Elvehjem and Hart (1929) clearly demonstrated that anemia in chickens fed a milk diet could not be corrected with ferric oxide, but the feeding of ferric chloride or ferrous sulfate resulted in an immediate hemoglobin synthesis. Also, Willingham and Hill (1970) conducted an experiment to to that of iron from a highly available source such as ferrous sulfate.
Much concern is expressed to find a more economical and more biologically available form of iron and copper than the established reference compounds, ferrous sulfate and cupric sulfate. Although the initial economic aspects of iron and copper feed grade supplements are not important, the availability of these compounds is important when considering the chance of deficiencies occurring. The experiments reported herein were conducted to evaluate the availability of iron and copper from various sources.
MATERIALS AND METHODS
Broiler strain cockerels obtained from a commercial hatchery were used in three experiments. At one day of age the chicks were wingbanded and randomly assigned to decks with raised wire floors in electrically heated battery brooders. Test diets and distilled water were furnished ad libitum in each experiment.
Composition of the skim milk basal diet used in all three experiments is shown in Table 1 . Copper and cobalt content were held constant in all diets in Experiments 1 and 2 at 2 p.p.m. copper and 0.6 p.p.m. cobalt. The cobalt added was in addition to cobalt found in vitamin B 12 to avoid cobalt deficiency. In Experiment 3, iron and cobalt were held constant in all diets at 80 and 2 p.p.m., respectively. Cupric sulfate was excluded from the skim milk basal diet in Experiment 3.
Test materials were added to the skim milk basal diet in the quantities indicated in each summary table. In Experiment 1, two commercial organic iron compounds (ferric choline chloride and sequestered iron A), ferrous sulfate and ferric oxide were fed to chicks to furnish 10 and 20 p.p.m. added dietary iron. Each diet was fed to triplicate lots of 10 broiler cockerels for a three week test beginning at one day of age. Two organic iron compounds (sequestered iron B and C) and ferrous sulfate were the test iron compounds used in Experiment 2. Added dietary iron levels furnished by the test compounds were 5 and 10 p.p.m. Each diet was fed to quadruplicate lots of 10 broiler cockerels for a four week test beginning at one day of age. Copper compounds tested in Experiment 3 were added to furnish 1 and 2 p.p.m. copper using cupric sulfate, cuprous oxide and cuprous iodide as the test compounds. Each diet was fed to quadruplicate lots of 20 broiler cockerels beginning at one day of age.
Blood was taken for hemoglobin content and hematocrit analysis from five birds per lot per dietary treatment at 21 days of age in Experiment 1 and 3; and in Experiment (Lucas and Jamroz, 1961) and hemoglobin content was determined by the oxy-hemoglobin method (Sunderman et al., 1953) . Liver copper content was determined on a wet weight basis by the Beckman Atomic Absorption Spectrophotometer (Model No. 485) 3 . Mineral availability was determined by the regression analysis method (Nelson and Walker, 1964) and relative biological availability (Pla and Fritz, 1971) . A factorially arranged randomize complete block design was used in each experiment. Statistical examination of the data was performed using analysis of variance (Steel and Torrie, 1960 ). Duncan's new multiple range test (1955) was used to separate significant differences between means. All statements of significant differences refer to the 5% level of probability.
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RESULTS AND DISCUSSION
Experiments 1 and 2. Essentially the same results were obtained in Experiments 1 and 2 and these results are shown in Tables 2  and 3 , respectively. In Experiment 1, the addition of ferrous sulfate and the organic iron compounds (ferric choline chloride and sequestered iron A) resulted in significant improvements in chick performance (measured by hemoglobin content, hematocrit, and chick weight) when compared to ferric oxide. The basal diet resulted in significantly poorer hemoglobin contents and packed cell volumes when fed to chicks. This was not apparent when chick weight was used as the criterion. The organic iron sources fed in this experiment gave equal chick responses as measured by hemoglobin content, packed cell volume and chick weight when compared to ferrous sulfate.
Ferrous sulfate and the two commercial organic iron compounds (sequestered iron B and C) fed to chicks in Experiment 2 gave equal responses at corresponding levels of iron in the diet using hemoglobin content and packed cell volume as the criteria; however, ferrous sulfate gave a significantly increased body weight and a decreased mortality as compared to sequestered iron B compound. The basal diet was significantly poorer than the experimental diets containing either the •Means within a column or row grouping and without a common superscript are significantly different (P < 0.05). ferrous sulfate or the organic iron compounds in Experiment 2 as measured by hemoglobin content, packed cell volume, chick weight and mortality. In both experiments, a significant improvement was made in each criterion at the higher level of added iron except in Experiment 2 in which no improvement in chick weight was detected due to the level of added iron. Tables 4 and 5 . The five criteria tested in this experiment included hemoglobin content, packed cell volume, liver copper content, chick weight and mortality. Cupric sulfate when fed to chicks resulted in significantly higher hemoglobin contents, packed cell volumes and liver copper contents as compared to either cuprous oxide or cuprous iodide; however, both cupric sulfate and cuprous iodide were superior as compared to cuprous oxide using mortality and chick weight as the criteria. Extremely low hemoglobin contents were found due to the low copper diets fed. In all criteria tested, an improved performance was noted at the higher level of added copper.
Experiment 3. Results of Experiment 3 are shown in
Ferrous sulfate and cupric sulfate were used as the standards in testing the availability of iron and copper sources ( Table 6) . As found by other researchers, the oxide forms of iron and copper gave low availability values in this study as determined by the regression analysis method and relative biological availability. The organic sources of iron (ferric choline chloride and sequestered iron A, B •Means within a column or row grouping and without a common superscript are significantly different (P < 0.05). Nelson and Walker (1964) .
2 Relative Biological Availability method by Pla and Fritz (1971) . and C) gave very high availability values (91-131%), although ferric choline chloride was not as available to the chick as the sequestered iron compounds. Cuprous iodide and cuprous oxide have essentially equal availability for the chick.
